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ABSTRACT : PROBLEM TO BE SOLVED: To perform adaptive control of an ESPAR antenna such that 
a main beam is directed toward a desired wave and null is directed toward an interference 
wave with no need for imparting the incoming angle of receiving signal previously. 

SOLUTION: The controller 40 performing adaptive control of an array antenna unit 100 of 
ESPAR antenna comprising one feed antenna element AO and six parasitic variable 
reactance elements A1-A6 executes adaptive control shown on Fig. 8 based on a 
receiving signal y(t) at the time when a learning sequence signal included in a radio signal 
transmitted from the opposite transmitter is received by the feed antenna element AO of 
the array antenna unit 100, and a learning sequence signal r(t) generated from a learning 
sequence signal generator 41 and identical to the learning sequence signal to calculate 
and set the reactance value xm of each variable reactance element A1-A6 for directing the 
main beam of the array antenna unit 100 in the direction of desired wave and directing null 
in the direction of interference wave. 
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-:><Dm^<7imt^m.-t<D\.znLx . i^m^mwmm^ 

^i:m-t^h\±^'^X'1b^. ^i^2mm&<DKiy^f,Z. ■ 

n^cnmi^mm^mx^mwimmi^mm ltv^s . 

m-^y ( t ) h^W^-^yxm^r ( t ) eoOofflS 
ffl05^Sc*«"5r#£^rll '9;*;#<=5r^J;o=5rifelco!;r^':? 
yx^9 hJVyi-^^-th^iiizhh. 
[00461 y (n) RX/r in) $r#^. ^ftft^y 

( t ) SLX/^w^—tryxm^r ( t ) <mmi^m- 

yy')VX'h P »:7t:^ h /i- h iS^-r s . b^^iJ n (t 

^gfifi#y (n) i:^^i^-^yxfl-f-r (n) fcO 

[00471 
[|gC23l 
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= 1 4 



^1 



[0 04 8] C:^-C\ ±##:Sc^H{±^^^S^i:SlE 
[0049] 

[18:2 4] 



dx2 
L *=<5 J 

[0050] 5p„/5x{4UT:?^:^X'<L:? 
[005 1] SH^lESfc i oTffiSffiMf^^Sr pJSg^ 

( i ) B#^Jn (-r^i5*>, nUiacDKfl) ^ 1 

ffix (1 ) fci-jTMS^-Ti.. AMWtcJi, 

/UtO^&JKBffix ( 1 ) lt-^X3K^ hMzm\^<^^^tl 
■5. 

( i i ) <?:V^T\ i<7yB)»iffiX(i]Si£c7)Ji^li^j£fflL 
( i i i ) ^iE<^' h)Ucoy3\^tm-cr,U\til,zW^mx 
( i V ) X^-yy ( i i ) tCM-:>T3!aa^^0iI-r, 

[ 0 0 5 2 ] PL < o- 

^ o c <r>mmmn>)m!.i. . m i ofips 4 2 *>'ii^iifi 

[0 0 5 3] SSlwfcV^T. Xt^vTS lt^t3V^ 

n = ltC^^L. B#^Jn (nES^D^fl) tJstt^ 
^l<7)>JT:7^y;:^'<.^ b^kx (n) ttStcSJKL 
/c'JT^^'yx-^^ hyPcO^DSBffix ( 1 ) 

T. Sftfi-f-y (t) -eLT. Xf-yTS 

A{,Zti\.^X. Sc2 3$rfflV^TffiSffiM«StP„S:f+S: 

<r>{m.) P„"UcftA-r-l.o $^>IC. Xx-y7-S5tCi5 
V^T. >'^•7^-:?'m$: l;t'{t-0^"Jp<>ht. ;^-f y 
rsetfev^T. 'JT:?':?>'X'<.:7h;l^(;o||m^:H-x„ 



T. Sftft-^y (t) S-SI^L. ;5.7"-y7-S8lC*5V^ 
^2 3?:fflV^TfflSffiMfj^i5:p„^H-»-ri,. <):V^ 
X\ X'r'yrS9i,Zi6\^X. mKmm^WcD V T ^ ^ y 
7.^9 V)V^\,z-r>\\x<r>^% ^frcfmm&Ld pjam^ 
2-. Pn-Pn'onci-oTtf-ff-f.!.. ^x-yT 
SI Oi^iiV^-r. ^x-yrS6T-1S»§-ti-^^UT^:J'>' 
X'<.^'h;K7)mm^i}-x,Sr7ctc:M-r. -etT. X7">y 
TSl ItCfeV^T, >'N*7P<-:5'm*«ig|l&^^>;Ti?:? 
^^^^^ A 1 6 oi!cM= 6 i 19 V-^Tb^S^*-^ 
f JBr L . m <Mc7) i: ^ \tn)V—-?'X7.'f -y 7" S 5 tCM-l. 
— mSM<7)i:#{i:;:^f- -yrs 1 2lCjttJ. 
[0 0 54] XT^-yT-Sl 2tCfcV^-C. -t^Ofill^ifi 

'mizmi->x. m%^m% t t ijco j; a tce^^j n + 

ltc:iJ{t-g>i;T;5':J'>'X<^' ^;^xcOJgff^Bx (n + 
1 ) •^WM.'th, 

[^2 5] X (n+1) =x (n) +/.iVp„ 

[0055] c:c:-r\ /x{iiR^3lJg*$iJffli-r-l.iEco^ 
T-S)0. M;i{f^=l 5 0{clS^§n-g>. iiijV'iT'. 
>/rS 1 3l:fcV%T. nS-iy^tt-f >'^'J^>'hL. X 

■r-yrS 1 4fcfcV^T. ni?^}^^%'^fi.fzm%mm^ 
tc:^LTV^^Vi*>i:'a*^$-W»rL, n^Ncoi: ^J-MP- 
Tlci 0:^x-yrs 2tcM-l.— n>Nc7)i:#{i^^ 

wmmm-kwr^h. \:x}L(r>mmmmmz)^^ ^ 
w\oQ<r)±\^-j^^vfiwmz'^m--:>^^mzy^)v^ 

[0056] ^iB<^ ^;^c7)iE^7)::^[6]^^^T'5r d u r ^ ^ 

[0 0 57] 8!^2 4^0^E^^^;^Vp„Of^a[^;|igL 
tat. ( a ) gfi^i-ty ( t') <7)a3StCi3ftS. KOS 

')r9 9yx^^ viv^<rmwh \^xmmmzmi-t:Lt 

\iM^X\t.tSi\^ (ic3Zfcl/^ic5#Bl) . (b) TL— T 

>7"-^^ls 1 0 oc^*&«Tyx-^5gi=^A o&i^^M&mr 
y^i-m^A 1 jbmA6(7)^^x'^m^tihm'^<:!' h 

[0 0 58] 2|s:|liieg.WcijV^T. Sfc2 4c0igiE'^^ h 

Xifcw-r§ iP§^oii^ig^5p„/5xiA^ ')T^-^y 

;^ x„ x„ + A x„^i:ti:5i-S: i: S ; i: j: oTffiS^S 

[00 59] 
[^26] 
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[0060] zcD^m^^^ h;uofPM&Sc2 etcftAt 
4><7)X'r«yr$:n = l*»4.n = NiT«l'9iIL. 

[ 0 0 6 1 3 182 6*>WJ; d tc. ryx-^otii:'35&»<i> 

I17«, ffiffltnr^Wi^-y^-Xfi^r (t) 
^7)#ffl;5Lfi}JtS:^LTV^i,. -f-^^ra -y ^J' r ( i ) 
( i = 1 , 2, •-, N) {i-e^t-f:^!.. 1 i:-l i:**^^^: 

hmuyyyj^m-^X'h'o. f—^ru-v^r ( i ) , 

r (2) . r (N) <r)^i\.^f\Xt. ®8iO>?.X'yr 
S 5A»/oX-r-yrs 1 1 TtCiiV^T. ffiMf^ 

h;P(7)M+ l{i (^IsmfiJ^Bt-feV^TtiM 
= 6) (7)^^&fi-S:-f^:^c*^tcM+illI-ro^0ig$ii 
-r^^b*)— je<Oi^OjgLtcM+i|Hl<0-f-:J'yo<y 
^ r ( i ) cOgJU^j^J^ir-r-S. ClClT-. W+ 1 Il]i07=" 
-:5'7'o-y^r ( i ) 1 oc7)#SiJ)B$t§fifi-^y 
( t ) i: , MjiOS«JI*c7)^ftft-ty ( t ) ^m^-th 

yi-'jl^r ( i ) ^Pi:-r$t, ±iS^iE'^^'h/P*»'bU 

T% y^;^ft^r ( t ) tSPX (M+ 1 ) XN 

[0062] mimmLtii. o t:. ^^^m^z^hmmm 

2izXi>miMm^mith-ti>mi>z. ^^^(ommmi}^ii> 
mm^ti^mim^tz'tttLi.m^i^-'>-y:^m^^± 
tiTi^-ry^^mm. i o o oi^mryx^Si^A o 
<fc K)^mLtztt<r>^mm^y ( t ) ^ . ±ie^^i— 
yyxm^hn-x'h^^^i^—yyxm^^^A i 

T'l^S^tfc^g'i— ^^-Xft-f-r (t) 

T , H 8 crimmmM'kmn-^i> i t i o iieri/ 
-T^xi-jgai 0 oto±b'-ASrmafeo:s-[6itc[6itt 

yxS^A17^2A6(0yTi7^'>'Xffix„ (m=l, 
2. -. 6) $:ftS:LT^^-r^. t^oT. 

)vv-rym^m\^tzmm{,zimLx. mm&<r>m^ 

[0063] <^^?g0IJ>m_hcO||iS?^,«lCt3V^T(i. 6 
*<OiE*&m^U T:?' ^ >'XS^A 1 TM.K 6 Srffl V-^T 



^ ^ yxm=^A 1 JbS A 6 Oi£ffi?^^i,±ISiO|ISfeJ^® 

tc:is^$tL-r. ^^ry^i-m^ AO ti-(:>m^<mmti 

A 1 TM.A 6 IC^tr S d {i-^T-^ < T t> 
[0064] $/i>l=. ^^•;T:?':J':^X5g^2 3l4^ 

bLX■^u^iE(7M^^\^X\,^h . ±sS^VT^^y 

7jm-2 3(7i^)T^-^ y^mi. iLi}^h%<7imtx'(r>m. 

^- K D tciS^iJCH^iO-f y-f9 ^ ^nx-thi)\ 
0. iEti^h%.<7^mil.X'l,zhtz-oX^}T9^yx^^^it 
[006 5] laJitO^ls^Siyg.^tciDV^Tti:. 

X. 2fmm^b^-&mtm!^iz':>\,^xmmth. 2 

[0066] 

[ifc27] J = E [ I r- (t) -y' (t) M] 

[00 67] CI .IT. I • \itmm^(7ymtm^»L. 

( t ) six^Wi^-i^y;=^fi-f-r ( t ) iJsSicori: 

[0068] 

[iS:28] y- (t ) =y(t) / I y(t) I 
[^29] r- (t ) =r(t ) / I r(t) I 

[0069] 2mm^<mmmL^m\'^^ t^.m 

i>j:oizmiximm't^, 

[00 7 0] ttz. CMATJl'd'UXM.^m^^fzmW^ 
[007 1] 

[^30] J = E [ 1 I y' (t) I 2- 1 I 2] 
[00 7 2] >l^-etSlifi-^y (t ) im2 8tmt 
y' (t ) tCi-^TiEa-ft^ilTV^S. ZCOt^it^^ 

i^—>-y^m^r ( t ) ayfmxhhfi^. ^mm^-co^ 

V^, -eilti. :a#:e<Jt{SFM. BPSK. QPSK^CO 

mmm.'S: m^^fzt^. mmmm^yha-^4oii^ 

^^E4 0t;J:0SmL/.:i:#OSftfi-f-y ( t ) tcS 
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t^j:^xo izmmv. ±tmmmmi. ±m^mm^<^ 
[00733 iiLtcDmmmm^z}5\^xi±. ^Wz^—yy 

Xfi-f-r (t) Sr«fig-rS«-x-^rn>yi?r ( i ) 

(i = l. 2, -, N){i:« >'>;^';L^P=1 0TJ>^ 

[00 74] 

immm] $^>tc. :^mmmcr>r]^-ry'ri-<omm 

mm.i:m\'^t:>'S.^u-i^3yt^(rii^^iz^\>^xmm 

[0075] Tu-ryr-i-ms 100 *^^)COtii:?3«5i 

fgc7)M$fwtiB^-ri> i t ^mmt,z-rh z t t^^t t^K 
m.^^fifzT)v^')XM.isi,v^Ty^i-'&^^tmt 

-i^ 3 yX'Ji. ( 6 + 1 ) f^^<^)x;^>'N-T>'7"-^Tfi!^ 

§i^;^cT^-T>x^^al OO^i^fflLTV^^, 

r ^-T^^hS^A 0 aix*E^m u r^? ^' ^^^^ta i 

A6{i^ix-fixA/4;^co^y;if-;Hg?--C'35i., fi^ 

-^xm^mm^M^ (t) (q = o. i. q) 

fciSSL^^o :^Tt75i^5AU-£/3y^3itT, m.23 

^z^m^ixtzimMm\m.<r>^wt%(r>fz^c^^-'^ 

y^(r>i^yTfy)imi.. p= 1 otc^^fiyt:. 
[0076] ^-r, M^l.:5-rp]A»4> 2oofi-^*«^?^tr 

■f-*«lc0^t'7-T'S)l)<5^KiOOdBT'«b-5. N = 8 

ooco^fsmji. ia9ics^-riaic. b'-Atima-r-s 

«-f-(7)0' tCl6l(t<>tL, ^^v!. 13 5- {.za^'rh^WWL 

8. 2 6dBi7)aj:f)S I R*^lX^#§fL^. 01 0{i, 11 
9cr)fi\^'i&^^-^-y^Wzt^(r>. KUmLMzn^h 

[^3 1] P (M+l) N=10X (6 + 1) X800 
=56000 

mxhh, 

[ 0 0 7 7 ] »:ic. 3-^m^^mfi^^hm^\.z-y 

^^X^m^-th. Clix'biOi'J^fi-vcODOAfi: [0' . 4 
0- . 55° , 220- , 305- loSrBf 

X. -6.0 2dBc7)A:>]S I RSrWLTV^^. 
M-^-ySrHl 1 JbMiai 5l;:S^-f-. 0ffi(i-en.-fii. 
Blfa^fi-^;6^'0- . 4 0° . 55' , 220° , 305 



iX9. 09dB. -1. 41dB, 2. 67dB. 2 
0. 0 3dB, 10. 2 8dB-CS>'l.. HI 2ar/IH 

3{i. 4 0- i:5 5' cof^(7^n'&<D^mt)mf'X-hhm. 

nLfzDOK<7)-y—X\iZmth 2-S>C0fg|fi]'tt>'N'^'-V$r 

xj-<ryi'i-cr>imi:Mm^ti. ij-'oMf^imzmm^ii 

hrv-ryr^mm. l O O SrSfflWf^^mSrM 

^■>§-t^:, s I RfiJ# (fip-^, 'iu-n^^X-hhcns i R^) 
2:#>!?*«j4.6 0dB2StlX8.6 9dBlfi]±fl'-i), 121 
IJbMiai 5<OC:ix<oO>'N*:^'-y{4. N=1000iOS 

mt. -^ff (7X 1 0*) X-hh. 01 6{i. 01 ICT) 

[0 0 78] mz^ 01 I(:^$n3t^77<7)v-S J.^- 
-i^^>'i:|S|— ODOAS.Z/A:^S I RSr^-ri>5-PC7) 

^LT (N=l 00) Wkfh> 01 7*«^-rj:ol=. 

b'-A{±H»fa§it-i.^jKo° tr&i*^-^-cj^«§n. flil<^ 

DOA (•r^*?*>4 0° . 5 5° , 2 2 0° SU^3 0 5 

'5:v^RfIlH]a-c*)^T i> ,6.58 d B(^)ai:^ S I Rti 

- ^iri3t>5ii$iX--CV'>|), 01 8{4. 01 7iOjgf6lttyN°^' - 
[0079] iii^t: , xxv N-r jgffl $ 

ti-^-:>m^mzm'm%fthTv-Ty'rir^m.\ o o 

coaj::bs I ROi^WttSgt-ov^T^^-tS. 019 
(N = 4 0<^fc§) St^02O (N=1000<7)i:#) 
ZT'^$n«.ai^js I R*<«lJSS<o^;l'^.ii^lia 

z$-@;i?,5i^P r (ZSz) ^S^ttV^I.. C:ix<J>c7) 
0BtcMi5-l.ti-fftcl^tT{i:. EfrSSixfcfi-^ti^l^O 
• *»i^JW-f-l.t<:Oi:L. ^F^fi-f-ODOAtSO- Jl; 
M 3 5 9 • (TimmX—WiZ 7 yVM.Xh hiio \,zWl^ L 
TV^i.. iix^OMttTii:. l O 0 0-fe-y hODOASr 

2. 3ai/4C0t>-~X*<}f*>fLTV'>S. Z.tlt:><nmm 

^ioWSi-thMz-^K^Xc^mtLX. 02OJ4. Q = 4 
COi^l^Z^ Z<7)mi^Ty7-ti}^'J^-^^<ti^20dB<7) 
aj::'3S I R (=V^#;tix{f2 6. 0 2dBc7)S I R^lJ 

f#) t:8ox<mmx'mi^-^mx'$>tzki:imLXK^ 

01 9i:02OSrlt!Kt-i.t . J: O^V^^fllHiSc 

*IIMJ^.^c7)r^-ryx:^^Si o ooai:tis i 
[0080] vxtx'm^nLfzfi^<r)mMmT)v^') x 

Mi. Ty^^\ii-^h^^i^—tryxm^t<r)m<OW[K 

immLifi±% V ^ a mmx'^n^j:w&iwt 
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^< b hm2 6 d B<7)S I R^1J#& 8 0%(7)5i^Tttil& 
[008 1] 

i-<7)mmmsiz}s\,^x . ^^^vT^:f^y^m^<r>uT 

^:f'yxmizm-m&coBmmm.mcom\^^ hjut: 
tf-^L. nn.^titi^^^ hMzm'^\'^xmwmmm 
wmt^mi^imA^t^j^xdiz. ±.ur\^-Ty^^ 

mmmz^^'-A^ituf^^-o^^mz^ ju^mifh i -5 
izmjBun-t^::bi>iX'th. mz. j\^)Uh-Ty& 

[0 0 82] ^^mTi-~Ty^i-<ommmmii. mt 

Tc7)iE|^^nr^ u r:? ^ yxm'=F^3^mRSxii^Sst 
Lx^mzmmL. $m^}iJ:r/mmco=F^mzn-rh 

[a®<0®m=5rI5iBJ] 

[01] 2^«BBtc^4^jg®-C^>i.T^-r>'7^:^ 
[02] IlltfOT^-r>■x:^ilal OOO^fiS^a 
[S3 ] 01 ^0^&mTy^r-^^il^A 0 <Ofll«S:^^-r« 

[114] laio^j^m^^'jT^^-yxs^AiTbs 
[05 ] 02^7)r^-r:^x:^^Sl o ovmwm 
[06] 0icorp-r^7^-^^ai oo<7)fg^Sra 

[07] 0lco^g>'-^ryxft-^^S4 ItCcI:^ 
T ^ § s ^ W - ^ :^ X fi-f-colf « ^ S^-f - >- 

X0t'fc.|., 

[08] 0lc?53SiiB$'J^3yhi3— 7 4 0lc:J:om 



[09] 0ioT^-ryx-^<7)$ijffli^ao>-Sa.i/ 
-i^^yi^^xh-^x. fi-tj®*^' 2 ■^(Dm^<r)^f^\iJ ^ 
^-y^fr^-tyyyx'hh . 

[010] 09«OfiIfattVN-:?-y$r^yii:#<:o, K« 

[011] mi^Tv-Ty'ri-(rm^'m.<r>i^^^ 
mmm^b ■thm^(^7ii^mm\^^^-^'^-yx'h^, 

[012] 01«Or^-T>'X-^<7)$iJ^^^a<7)S^$A 

yyx'hh, 

[013] SltfOTl^-Tyx-^iOSiJffll^BcT^S^Si 

[014] mi<r>T\y~ry'r'r^mm^m.<^i^^a. 

\^-z^aymMX'h':>X. m^Mi/i5'OX'2 2 0 - :6-F6j 

^yyX'hh. 

[015] 01<7)r^-Ty-r-^OSiJffl)igfi£Ov-5i 
U-j^ay^mT-fe-^T. <l-f-5S3li«5-:>-r3 0 5- :&^lfil 

[016] 01 l(D^t6\iiJ'^^-yi:'i%fzb^co. K 

[017] mi<7>Tl^~Tyr-i-<r)mmmmcr)i^S.:L 

i^-'^ay^mxh-yx. m^Mii<5-:>x'0' yjn^^m 
mm.m'^t ■r^^co7ii^mmj^ity'^^~yt:^^y 

yxhh. 

[018] mil<^^[^^J'^'^-y^:Wzt^<7). K 

mmwLnt,zm-hnwmmLP^(r>\m.w&^^-t^ 
yyx'hh. 

[019] mi<r>T v~ryr-i-commmm.x\ m% 
mm'^A 0 ^xhh t s i Rtimm<7)mi:mt 
hmmir^^f^^yx'fit. 
[02 0 ] mi COT u-Tyr-i-comnmmx\ mn. 
m^tf^ 10 0 0 mr $> -i. i: oaj:^] s i Rij^mmomt: 
mthmm^^-t^yyTh^. 

AO"*&«Tyx^^^^. 

A 1 JbS A 6 • ■ -iEj^B "T^ U T ^ yx^^ , 

6"-ifeltS^. 
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